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' MAGNETIC RECORDING HEAD AND METHOD OF 
MAKING SAME 

The imventioB described herein was made in the per- 
fomance of work under a NASA contract and is subject to the 
provisions of Section 30S of tlie National Aeronautics and 
Space Act of 1958, Public Law 85*568 (72 Stat 435; 42 USC 
2457). 

This invention relates to a new magnetic recording head 
ha'^dng a great!}/ extended lifespan. More particularly, this in- 
veetioji is directed to a magnetic recording head composed cf 
a ferrite core coated by a thin film of Alfesil 

The need to develop high-quality magnetic recording heads 
with extended life has become imperative with the advent of 
unattended recorders such as used in space applications. 
Heretofore most high-quality recording heads have been con- 
structed with Hy-Mu material for the pole pieces. This materi- 
al. while exhibiting many desirable properties, is inherently 
soft and therefore has a limited lifespan. Ferrite pole pieces 
are occasionally used since they are extremely hard, but when 
used, with magnetic tape they exhibit undesirable effects such 
as chipping, crystal pullout and porosity. As is evident voids 
on the surface of the pole pieces are undesirable as they will 
load with o>dde and then act as an abrasive to the tape reduc- 
ing its life. 

A magnetic material that has a very high permeability and a 
high saturation characteristic is a magnetic alloy consisting of 
silicon, alumimim and iron. This magnetic alloy, referred to as 
Alfesil, is described in U.S. Pat. No. 2,193,768, The inherent 
characteristics of Alfesil make it a desirable alloy for magnetic 
head assemblies. Recently a magnetic head assembly utilizing 
a slab of Alfesu has been suggested. U.S. Pat. No. 3,303,292 
presents a head composed of a slab of Alfesil joined to a slab 
of ferrite by an epoxy seal. The use of an epoxy bond has, how- 
ever, created disadvantages of its own in the magnetic head as- 
semblies, since the epoxy interface itself is nonmagnetic. It 
might also be noted that bulk Alfesil itself is difficult to work 
with. The only way to shape it is by diamond grinding and this 
machining usually results in a high degree of chipping and 
breaking due to weak intercrystalline bonding of the Alfesil 
crystals. 

An object of this invention is to provide a novel and im- 
proved magnetic head assembly. 

Another object of the invention is to provide a magnetic 
head assembly that is easy to manufacture, and which retains 
the feature of high permeability and resistivity after the manu- 
facturing process. 

A further object is to provide a magnetic recording as- 
sembly having a greatly increased lifespan. 

!t has now been found that the al^ve objects and others 
may be accomplished by providing a magnetic recording head 
composed of a ferrite core with a thin film of Alfesil deposited 
thereon. 

Is the drawings, FIG. 1 represents the completed magnetic 
recording head and FIG. 2 is a cross section of the head taken 
along the plane coincident with line 2-2. 

FIG. ! shows the ferrite core 10 wherein an Alfesil film II is 
directly coated on the working surface of the head. 

FIG. 2 represents a cross section of the head to show the in- 
tegral bond between the Alfesil film 1 1 coated onto the ferrite 
core 10. 

The tecimique used to deposite the Alfesil coating upon the 
ferrite core is the so-called '’'plasma arc sputtering”. This is a 
well-developed technique that has gained acceptance for the 
deposition of various alloys on substrate materials. For a 
general description of deposition technique commonly 
referred to as ''sputtering,” reference is made to that certain 
article published m Scientific Foundations of Vacuum 
Technique, Saul Dushman and J. M. Lafferty, John Wiley & 
Sons, Inc., New York 1 962. 

A magnetic recording head according to this invention was 
made as follows using a conventional pl^ma arc sputtering 
derice. 
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An electrically isolated ferrite substrate is imouBted in a 
diametrically opposed relationship to the target or source and 
is damped in position. The target or source is fabricated torn 
bulk Alfesil. During the coating operation this target is cooled 
by conduction using a liquid flowing in a vacuumtight tubing 
system connected into the evacuated chamber iroin a 
refrigeration unit externa! to the chamber. To begin the coat- 
ing process the target is electrically charged to a high negative 
potential. The area between the Alfesi! target and the ferrite 
substrate contains the plasma between the eiectron source and 
the anode plate. At the outset of the process the chamber is 
evacuated down to a pressure of approximately 1 Torr and 
thereafter an argon atmosphere is introduced in until a pres- 
sure of approximately 10~^ is achieved. The argon gas m con- 
tinuously introduced into the chamber thro^ugh a gas inlet and 
removed by vacuum pump. In this specific operation, the Al- 
fesi! target or source amd the ferrite substrate are spaced apart 
a distance of approximately 1 lynches. 

The cathode or filament is heated to a temperature suffi- 
cient to cause thermal emission of electrons. Simiiltaneoiisly, 
£he anode is maintained at a potential which is positive rektive 
to that of the filament in order to attract she flow of electroBS 
from the cathode into the area of the snocte. While the ther- 
mally emitted electrons are flowing toward the anode, and 
while they are passing through the. gas which is preseiil in the 
chamber, collisions will occur with the molecules of the gas, 
and these collisions will dislodge electrons from the gas and 
thereby leave the particular gas particles in a positively 
charged state. Ail during this operation, the pumping system is 
continuously removing gas from the chamber, the pressure- 
being maintained at a level of approximately 10*^^ Torr. The 
argon gas entering the system is highly purified and til us 
sources of contamination are substantially minimked. The 
charged gas particles subsequently bombard the surface of the 
Alfesil target and the collisions w^hich occur between the 
charged gas particles and the surface of the target cause a 
dislodging or removal of Alfesil from the surface of the target, 
which is then free to move toward the substrate and be 
deposited thereon as a film coating. A controllable percentage 
of the material thus dislodged will arrive at the surface of the 
substrate. In this operation, a potential of approximately 75 
volts is applied to the anode while a potential of approximately 
700 volts is applied to the source material or target, from Ihcir 
respective power supplies. 

During the operation, the ferrite substrate is maintained at 
floating potential. Accordingly, the gaseous piasma attracted 
to the negatively charged target will sputter the Alfesil target 
material from the target to the ferrite substrate being coated. 
The rate of the film accumulation on the surface of the sub- 
strate under these conditions will be 5O—3O0 .Angstroms per 
minute. Using this conventional plasma arc sputtering 
technique the thickness of the Alfesil coating may be varied 
from. 0.001 5 to 0.004 inches. 

In order to demonstrate the advantages obtained by the use 
of the Alfesil-coated ferrite head over the conventionally used 
materials an accelerated life test was run on m operatson.a.1 
head. The operational head consisted of tracks with cores of 
Alfesil-coated ferrite, ferrite only, and Hy-Mii 80, with 
dummy Uracks on either side of each operational track to 
further space one from the other, thereby miiiimking the sup- 
port effect one track might have on the others. The head as- 
sembly to be tested was then mounted on a tape transport 
(Ampex Model FRI 100, S/N 226) provided with a logic 
device to control automatic recycling of the tape to acciiimi- 
late the long-wear run of 800 hours. Programming of inter- 
mediate and final stops was detennined by a timelock con- 
trolling the power supply for the tape transpoit.. 

The programming of the life test was as follows: After 0, 50, 
100, 200, 400, and 800 hours of running time the mec.haiiicai 
measurements of accumulated wear were made. The eleciiical 
tests consisted of testing the inductance and Q-factor, These 
were performed at 0, 400 and 800 hours. The frequency 
response of the heads was also checked at 0 md 800 hours of 
wear. 
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The results of the above tests were as follows: Profile Mea- 
surements; accumulated wear (inches) at the gap area 



Hy Mu 

Fer- 

rite 

Alfesil- 

coated 

fer- 

rite 

liunnlns: time, hrs.: 



0 

0 

0 

50„ 

. 0001 

.00005 

0 

m 

.. .00015 

.00005 

0 

20/0 

.0002 

.00005 

0 

300 

. 0003 

.00005 

0 

400. 

.0005 

.00005 

0 

800 - 

.0008 

.0011 

.00005 


The accuracy of the measurement is ± 0.000025. 

The marked resistance of the Alfesil coated ferrite track to 
wear results in an increase in the lifespan by a factor of 10 

over the Hy-Mu 80 track. 

ELECTRICAL MEASUREMENTS 


Inductance in /xh. per leg 

at 1 kc.: 




Hy Mu so 

Ferrite 

Alfesil- 

coated 

fer- 

rite 

Time, brs.: 

0 ... 

400- 

800 - 

146-144 

143-142 

141-142 

139-138 

138-140 

134-134 

154-152 

153-154 

150-152 

Q-factor per leg at 1 kc.: 


Hy Mu 80 

Ferrite 

Alfesil- 

coated 

fer- 

rite 

Time, hrs.: 

0 

400... 

800 

. 33-. 32 
. 35-, 35 
.35-. 35 

. 18-. 18 
. 20-. 20 
. 19- 20 

. IS-. 19 
. 21-. 22 
. 20-. 22 


Frequency response —the head was used as both a record 

and reproduce head. 

Frequency response at 0 hours: 
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Track 01 Ferrite, 0.016 inch effective track width 


Bias current 

= 14.0 ma. r.m.s. 

Signal current 

— 1.35 ma. r.m.s. 

Distortion 

= 2.7 percent 3rd harmonic 

Output at 1 kc. 

— 54.3 db =15 piv. r.m.s. 
5kc. -44.3 db 

Null at 19kc. 

Track 02 

Alfesil-coated ferrite, 0.14 inch effective 

track width 

Bias Current 

= 19.2 ma. r.m.s. 

Signal Current 

= 2.55 ma. r.m.s. 

Distortion 

= 2.7 percent 3rd harmonic 

Output at Ikc. 

— 64.5 db = 4.5/xv. r.m.s. 
5kc. -53.2db 

Track 03 

Hy-Mu 80, 0.0195 inch effective track 

width 

Bias current 

= 9.2 ma, r.m.s. 

Signal current 

= 1.0 ma. r.m.s. 

Distortion 

= 2.7 percent 3rd harmonic 

Output at 1 kc. 

— 50.3 db = 24 v. r.m.s. 
5kc. -41.5 db 

Frequency response after 800 hours of wear. 


Output at 

Output at 1 kc. . 5 kc. 


Track #1 — 54.5 d'b^W.S/xv. r.m.s. -45.0 db 

Track #2 —50.5 db=8.1 #iV. r.m.s. —47.2 db 

3 Q Track #3 — 51.5 db=21 /iv. r.nx.s. — 43.5db 


The foregoing life test has shown that the Alfesil-coated fer- 
rite recording heads of this invention have a markedly in- 
35 creased lifespan while exhibiting desirable inductance, Q- fac- 
tor, and frequency response characteristics. 

We claim: 

i . A magnetic recording head comprising a ferrite core hav- 
ing a thin film of Alfesil plasma arc sputtered directly thereon. 
40 2. A magnetic recoding as in claim 1 wherein the thickness 

of the Alfesil film is from 0.001 5 inches to 0.004 inches. 

3. A method of producing a magnetic recording head com- 
prising plasma arc sputtering a coating of Alfesil directly to a 
ferrite core. 

4. The method of claim 3 wherein the Alfesil coating is from 
0.0015 to 0.004 inches thick. 


50 


55 


60 


65 


70 


75 



